Abstract
Introduction
A number of cytokines and adipokines secreted by the adipose tissue may influence the vessels wall directly. Resistin was discovered in 2001. Initially characterized in mice, resistin was found to be secreted by adipocytes and was named for the insulin resistance induced in animal studies (1) . Resistin, also known as adipose tissue-specific secretory factor (ADSF) or C/ EBP-epsilon-regulated myeloid-specific secreted cysteine-rich protein (XCP1), is a cysteine-rich adipose-derived peptide hormone that in humans is encoded by the RETN gene (2) . The molecule is primarily expressed in circulating monocytes and macrophages and is strongly correlated with inflammatory markers in humans.
Resistin has been shown to increase transcriptional events, leading to an increased expression of several pro-inflammatory cytokines including IL-1, IL-6, IL-12 and TNF-α (3) (4) (5) (6) (7) and induced expression and secretion of all of proinflammatory mediators involved in the activation of nuclear transcription factor kappa B (NF-kB) through activation of protein kinase C (PKC), 1,4,5 inositol triphosphate (IP3) and the mobilezation of intracellular calcium (Ca2+) (8, 9) . Resistin upregulates ICAM1, VCAM1 and CCL2, involved in leukocyte recruitment to sites of infection (10) .
The role of resistin in the metabolic syndrome is controversial. Some investigations have reported that resistin levels correlate with insulin resistance and obesity (1, 11, 12) , while others failed to observe any correlation with metabolic markers. As compared to controls, in subjects with metabolic syndrome no significant differences in resistin levels were observed (13) (14) (15) . Some studies revealed gender-differences, some of these correlations are present being in women, but absent in men (13, 16, 17) .
It has been reported that resistin causes a marked increase in the generation of reactive oxygen species and thereby decreases expression of endothelial nitric oxide synthase in endothelial cells (18, 19) .
Resistin has been noted to play a vital role in increasing the level of VLDL and LDL in obese persons (20) (21) (22) , it induces increases in MCP-1 and sVCAM-1 expression in vascular endothelial cells, promotes the proliferation of VSMC that occurs through both ERK 1/2 and Akt signalling pathways, which suggest a possible mechanism that contributes to atherogenesis (10, (23) (24) (25) (26) .
Resistin promotes foam cell formation via dysregulation of scavenger receptors (SR-A) and ATP-binding cassette transporter-A1 (ABCA1) through PPAR gamma (26, 27) . Patients with acute coronary syndrome (ACS) had significantly higher resistin levels than those without ACS (28, 29) and the follow-up (mean of 83.4 months) showed that the resistin level was an independent predictor of ACS.
The prognostic role of adipokines in atherosclerosis is not well established. The aim of this study was to compare the baseline plasma levels of adiponectin, resistin, leptin and TNF-α in patients with coronary artery disease (CAD) and peripheral artery disease (PAD). Also, we investigated the impact of baseline plasma levels of adiponectin, resistin, leptin and TNF-α on the incidence of the new ischemic cardiovascular events.
Materials and methods
Subjects. 91 patients with clinical symptoms of atherosclerosis, in two different areas, lower extremity occlusive disease and coronary artery disease, hospitalized in the County Emergency Clinical Hospital from Cluj-Napoca, were included in study between 2008-2009. We followed up the readmissions between 2009 and 2011. The primary endpoint of the study was the readmission of the patient. We defined a cardiovascular event the readmission for nonfatal myocardial infarction, heart failure, or critical limb ischemia.
The peripheral arterial occlusive disease was defined clinically, by ankle-brachial index < 0.9, by Doppler and angiographic exams. The coronary artery disease was investigated clinically, by electrocardiogram, echocardiography and in some cases by coronarography. Clinical variables were analyzed.
Methods. Blood samples were obtained in a non-fasting state. After 10 min of rest in the supine position, the blood samples were collected from the antecubital vein. Peripheral blood was drawn from each patient within 2 h from admission. Serum and plasma were immediately separated by centrifugation and stored at -80 0 until analysis.
Plasma levels of adiponectin, leptin, resistin, and TNF-α were measured by commercially available ELISA, quantikine reagents (R&D System) according to manufacturer suggestions. Regarding the sensitivity of resistin assay, the analitical limit of detection was 0.055ng/ml; intra-assay coefficients of variation (%) were 3.8-5.3 and inter-assay coefficients of variation (%) were 7.8-9.2. For adiponectin assay, the analytical limit of detection was 0.891 ng/ ml; intra-assay CV(%) were 2.5 -4.7 and inter assay CV (%) were 5.9-6.9. For leptin assay , the analytical limit of detection was 7.8 pg/ml; intra-assay CV(%) were 3.2 -3.3 and inter assay CV (%) were 3.5-5.4. For TNF-α assay , the analytical limit of detection was 5.5 pg/ml; intra-assay CV(%) were 4.2 -5.2 and inter-assay CV (%) were 4.6-7.4.
All patients participated voluntarily and each subject included in the study signed a written informed consent for the participation in the study approved by the Local Ethics Committee.
Exclusion criteria were active infectious disease, neoplasia, acute coronary syndrome, strokes, hepatic or renal failure, severe heart failure.
Statistical analysis. Estimated time to readmission was performed by Kaplan-Meier method and differences between Kaplan-Meier curves were evaluated by log rank test (30) .
Comparison of means, where it was required, was done by Student Test and comparison of the percentage by chi-square test. If the number of subjects was small (groups under 5 or under 5%) Yates corrections were used (30) .
For all the tests used the p-value under 0.05 was considered significant. Confidence interval values were also calculated with the threshold of 0.05.
For the multivariate Cox model analysis the step backward algorithm was chosen, starting from a maximal model and eliminating all variables that were above the significance threshold of 0.05.
As a statistical software we used Excel 2003 and MEDCALC version 9.6.
Results
In 91 patients hospitalized for clinical symptoms of atherosclerosis, the minimum, maximum and median age were 36, 84, 67 and the ratio men / women was 56/35 = 61.54% / 38.46%.
There was a balanced value on the gender distribution for CAD. In PAD men dominated the category. As compared with PAD, only the body mass index and the cholesterol were significantly higher in the CAD group (p< 0.01 and p< 0.05 respectively) ( Table I) .
In terms of numerical variables only resistin and leptin were statistically significant. In patients with CAD as compared with PAD baseline plasma levels of leptin were significantly increased (2882.02 ± 368.57pg/ml vs 1025.56 ± 232.28 pg/ml; p<0.001), plasma levels of resistin were significantly decreased (13.15 ± 0.83 ng/ml vs 17.76 ± 2.13 ng/ml; p = 0.02) and no differences in plasma levels of adiponectin and TNF-α were found (Table II) .
A significant correlation between BMI and plasma levels was found only for leptin, irrespective of group (PAD: r = 0.395 ; p <0.02; 95%CI 0.08607-0.6345, respectively CAD: r = 0.392; p<0.003 95%CI 0.1507-0.5887). No other correlation between the clinical characteristics and plasma levels of resistin, leptin, adiponectin and TNF-α were found. During the two years we recorded 45 readmissions (49.5%). Regarding the time from discharge to the first readmission no significant differences were obtained concerning the gender (p = 0.14), although women had a disease-free survival of 60% and men only 46%.
Type of artery disease (CAD, PAD) did not induce significant differences in time-to-readmission analysis (p = 0.20) (Figure 1) .
For numeric variables adiponectin, leptin, resistin, TNF-alpha, age, SBP and DBP we have chosen as cut-off points the corresponding values that provide the lowest p. Figure 2 represents p-values choosing as cut-off one by one all the values that existed in our data and that generates at least 10 subjects per group. Under the threshold of significance 0.05 we have p-values only for leptin (2000 pg / ml), resistin (15 ng / ml) and DBP (85 mmHg). Figures 3, 4 and 5 show the Kaplan-Meier curves for these cut-off values. For multivariate analysis we chose the numerical variables that had statistical significance with cut-off points in Figure 3, 4 and 5, to which we added gender and arterial disease type (CAD, PAD), due to the strong links highlighted in Table I and II, even when p-values were higher than the threshold of significance (p = 0.14 and p = 0.20).
We performed a Cox model analysis by the step backward algorithm (at each step we removed the variable with the highest p-value until all the remaining variables had the p-value below the threshold of significance).
The following were excluded in this order: artery disease type (CAD, PAD), gender and leptin, and only DBP 85 mmHg threshold value and resistin value threshold of 15ng / ml remained in the model. Due to fact that patients with DBP <85 mmHg and resistin ≥15 ng/ml and patients with DBP ≥85 mmHg and resistin <15 ng/ml present closer scores implying closer risks we decide to put together both categories and we generated a new simplified score with three values: 0 if both resistine and DBP were favorable, 1 if one from resistin and DBP is favorable and the other is unfavorable, 2 if both DBP and resistin are unfavorable (Figure7).
Discussion
As compared with PAD, patients included in the CAD group were older, (66.05 ± 1.53 years vs 61.75 ± 2.19 years; p = 0.11). In our study BMI and the total cholesterol were significantly higher in patients with CAD as compared with PAD (p < 0.01 and p<0.05 respectively).
A significant correlation between BMI and plasma levels was found only for leptin, irrespective of group. Our findings confirm other studies on BMI -resistin and BMI-leptin relationships (13, (31) (32) (33) . In the study by de Luis (13) resistin concentrations were not related to BMI or other index of obesity and resistin was correlated only with total fat mass measured by bioimpedance and this relation persisted with multivariate analysis only in women. These data support resistin's primary role in inflammatory rather than metabolic pathways.
Leptin is primarily synthesized and released by mature adipocytes. Leptin circulating levels are highly correlated with BMI (32, 33) . Leptin is a hormone with pleiotrophic actions in multiple organ systems. Human studies on leptin and CAD have reported conflicting results. In populations without CAD, few studies have shown leptin to be associated with increased risk of incident CAD, while others found no association. Other authors have reported a protective associ- ation of leptin with decreased CV mortality in populations with diabetes (34) and chronic kidney disease (35) . A recent meta-analysis of these studies has concluded that there is a modest association of high leptin with the risk of incident CAD (36). Ku et al (37) found an inverse association between leptin and CV events in patients with chronic CAD. In our study a different pattern of plasma levels of resistin and leptin in patients with PAD or CAD was found. As compared with CAD, plasma levels of resistin were significatly Figure 7 . Free time to rehospitalization using the simplified score higher in patients with PAD (17.76 ± 2.13 ng/ml vs 13.15 ± 0.83 ng/ml; p < 0.02). Plasma levels of leptin were significatly lower in PAD as compared with CAD (1025.56 ± 232.28 pg/ml vs 2882.04± 368.57 pg/ml p< 0.02). No significant differences between plasma levels of adiponectin and TNF-α were found. Regarding the time from discharge to the first readmission no significant differences were obtained concerning the gender, although women had a disease-free survival of 60% and men only 46%. The type of artery disease did not induce significant differences in time to readmission analysis. In our study plasma levels of resistin were significantly higher and leptin was significantly lower in PAD and in this group a significant higher number of patients were free of readmission as compared with CAD. In the simple Cox model, the variables associated with prognosis were leptin (2000 pg/ml), resistin (15 ng/ml) and DBP (85 mmHg). Using a multivariate Cox model the only variable positively correlated with readmissions was resistin ≥ 15ng/ml and the DBP ≥ 85mmHg.
Our results regarding the prognostic value of resistin confirm other studies. Owens et al. (38) demonstrated the role of resistin in predicting lower extremity artery disease. In a prospective longitudinal study they evaluated patients undergoing lower extremity bypass surgery and showed that patients with critical limb ischemia and diabetes had elevated levels of resistin and high sensitivity CRP. Resistin was the only predictor associated with amputation-free survival in the diabetic patients (38) . The combination of high resistin and the presence of either diabetes or hypertension increased the risk of ischemic stroke (39) . In another study, circulating levels of resistin, but not of adiponectin or leptin, were associated with an increased risk of incident ischemic stroke in postmenopausal women (40) .
The role of resistin as a risk factor for myocardial infarction was also investigated (41) .
Despite its involvement in inflammatory pathways, the role of resistin as an independent risk factor for cardiovascular events and mortality is controversial. In patients with stable multivessel coronary artery disease, Krecki et al. (42) found that elevated plasma resistin was a strong, independent predictive factor for the occurrence of major adverse cardiac and cerebrovascular events. Although in some studies plasma levels of resistin were correlated with mortality (43) (44) (45) , in most prospective clinical studies resistin fails to appear as an independent risk factor for cardiovascular events and mortality (46) (47) (48) (49) .
Conclusions
A different pattern of plasma levels of resistin and leptin in patients with coronary artery disease and peripheral arterial occlusive disease was found.
In patients with CAD as compared with PAD baseline plasma levels of leptin were significantly increased and plasma levels of resistin were significantly decreased.
In patients with coronary artery disease and peripheral arterial occlusive disease no significant differences between plasma levels of adiponectin and TNF-α were found.
In multivariate analysis resistin ≥ 15ng/ml and the DBP ≥ 85mmHg predicts rehospitalization.
